physiological threshold in the female of the species (Marler and Hamilton, 1966, chapter 3), or, alternatively, as mechanisms to prevent the interbreeding (hybridization) of different species (Mayr, 1963) . However, principally since the publication in the mid 1970's of works by Alexander (1975 Alexander ( , 1977 and Wilson (1975) , evolution- ary biologists have adopted a rather different view of courtship and other reproductive behavior. This perspective is a more inclusive one, stressing the evolutionary or selective benefits to individuals of behaving the way they do during sexual activity. Courtship is more properly viewed as a series of test questions posed by the courting individual to its potential partner. The answers to these questions help the individual decide where the other individual is located; what species and sex that individual is, to avoid costly mistakes in mating; and how good a mate that individual will make, in terms of its vigor, strength, and success at intrasexual competition or at securing resources for its partner. In fact, the ultimate goal of reproductive behavior is success in transmitting an individual's genes to the next generation, through the production of viable, fit offspring.
Individual reproductive success can be achieved in a variety of ways. Females can have very high fecundity, or they may provide more care or resources for fewer offspring. Additional strategies are *Manuscript received by the editor September 25, 1987 219 220 Psyche [Vol. 94 open to males, which need only produce energetically "cheap" sperm rather than expensive eggs. On the one hand, a male can copulate with as many females as time and conditions allow; alternatively, he may be more careful to ensure, through attention and guarding, that the sperm transferred are actually used by the female to produce offspring (Waage, 1983) . The stage is set in many animals for sexual inequality: males may embark on highly polygynous reproductive lives, while females choose fewer times and more carefully among the scrabbling suitors. With such inequities comes unfairness, especially among males: if one male can inseminate many females, but each female accepts only a few males, then many other males must never get the opportunity to mate. High variance in reproductive success among males is the basis for strong sexual selection on males (Darwin, 1859 (Darwin, , 1871 , which in turn is thought to sculpt the obvious morphological and behavioral dimorphism between the sexes that exists in the majority of animal species.
It is often assumed, but rarely documented, that individual males of sexually dimorphic species inseminate many females, and can produce many more progeny than can individual females. Conversely, it follows that species displaying little sexual dimorphism should be reasonably equivalent in the reproductive potential of the two sexes. Insects are well suited for testing predictions of sexual selection theory, because they exhibit inexhaustible diversity of lifehistory strategy (Dingle and Hegmann, 1982) and are often easy to observe and manipulate in the field and laboratory. For example, green chrysopid lacewings show a convenient range of sexual dimorphism, from extreme in Meleoma Fitch spp. (Bickley and MacLeod, 1956) , through moderate in the common Chrysopa oculata Say (Smith, 1922) , to negligible in the carnea-group within the genus Chrysoperla Steinmann (Henry, 1983 (Tauber and Tauber, 1976; Henry, 1980a) . Each species, but especially C. plorabunda, has been well studied because of its importance in biological control (New, 1975; Hassan, 1978) . Also, both species have figured prominently in investigations of sympatric speciation through disruptive selection (Tauber and Tauber, 1977a, b; 1982) and song divergence (Henry, 1980a (Henry, , 1983 (Henry, , 1985a . Extensive fecundity data, relating egg production to diet or age, have been published for these and several other important green lacewings (Rousset, 1983) . However, the extent of polygyny and polyandry, or the effect of multiple matings on fertility and fecundity, have not been determined for any chrysopid. Yet such basic information about mating habits and consequences is prerequisite to understanding several broader issues--particularly, the consequences of different life-history patterns and reproductive strategies, the dynamics of rapid speciation through acquisition of assortative mating patterns (West-Eberhard, 1983; Henry, 1986) , and mass rearing and release in programs of biocontrol.
METHODS AND MATERIALS Data for this paper were generated over several years, as part of a larger project investigating courtship singing behavior, reproductive isolation, and speciation in sibling species of the genus Chrysoperla (Henry, 1983 (Henry, , 1985a (Henry, , b, 1986 (Henry, 1979 (Henry, , 1980a All larvae were fed ether-killed Drosophila spp. every 2-3 days. Photoperiod was manipulated for C. downesi to break adult reproductive diapause (Tauber and Tauber, 1976) ; for other species, constant long-day (17L:7D) light regimes were maintained.
We took three simple experimental approaches: (1) Fieldcaptured, gravid females were allowed to oviposit freely without re-mating. From this, we could assess the extent of egg productivity possible from sperm in reserve under natural conditions. (2) Young (two-week-old), laboratory-reared virgin females were mated as often as they would accept previously unmated males, while others of the same cohort were mated just once; whenever possible, copulation duration was noted. Egg production and sexual receptivity were monitored for each female throughout the experiment. This approach was designed to determine the extent of polyandry, the number of eggs produced per copulation, and the relationships among sexual receptivity, re-mating, copulation duration, and egglaying. Sexual receptivity, which is lost in female lacewings after copulation, was assessed by playing back species-appropriate songs to the insects and waiting for "answers" (abdominal dueting behavior [see Henry, 1985a, b] ). To minimize the effects of aging on fecundity, insects that had been sexually mature for more than two weeks were excluded from these studies. Maturity, in turn, was judged by the onset of sexual receptivity. (3) Finally, individual two-week-old males were re-mated to unmated, receptive females at 1-3 day intervals, until they could no longer copulate. This provided estimates of sperm transferred and accepted per copulation, degree of polygyny, and minimum total lifetime reproductive potential for each male. Females were selected from cohorts of the same age as the males. Since a single male could easily mate with many females, we were forced in one case (male H of Table 6 ) to recruit two-weekold virgin females after the 18th copulation.
All three approaches above shared one simple but important protocol: count every egg and determine whether or not it had been fertilized. Counting was facilitated by the egg stalk so typical of the green lacewings: each egg could be clipped cleanly from its substrate and placed on the filter paper floor of a 10 cm plastic petri dish for (Burmeister) and one of C.
downesi were available, and C. plorabunda was neglected altogether. Similarly, multiple-mating experiments on females were completed only with C. plorabunda (21 females) and C. downesi (17 females). Individuals that produced fewer than 400 eggs were excluded, since our interest was in maximal fecundities. Male multiple-mating studies were limited to C. plorabunda (8 males), C. downesi (2), and C. oculata (2). Finally, a few data correlating fertility with copulation duration were taken, but only for C. plorabunda (27 matings) and C. downesi (15 matings).
Means and standard deviations were calculated from the data using a computer spreadsheet (LOTUS 1, 2, 3T'). Samples were tested for normality by a Kolmogorov-Smirnov routine, and deemed significantly different by two-tailed t-tests and confidence limits of 99%, using the statistical functions of the computer program ASYSTANT+TM. (Figs. 1, 3 , Table 2 ). Except for slightly higher early rates of egg-laying by C. oculata, the overall patterns shown are quite similar in all of the above species, and in fact are much the same as that seen in monogamous C. plorabunda raised in the laboratory (Fig. 2) . The egg production by all once-mated females of all species, whether laboratory-reared or field-captured, is summarized in Table 2 .
Egg Counts: Continuously Re-mated Females.
The C. plorabunda and C. downesi females mated 1-6 times, the former species averaging a total of 780 eggs and the latter 769 (Tables 1, 3 , and 4). Both species averaged two matings over an individual's lifespan. Oviposition spanned a mean of 64 days in C. plorabunda and 53 days in C. downesL but the high variance indicates no significant interspecific difference.
Lifetime patterns of egg-laying, sexual receptivity, and mating varied considerably among individuals of both species. Some females produced consistently high numbers of eggs for prolonged periods from their first fertilization, without ever recovering sexual receptivity or re-mating. Examples of this pattern can be seen in both C. plorabunda (86-4, Fig. 2 ) and C. downesi (FLD1, Fig. 3 ). More commonly, a female became sexually receptive and re-mated after a shorter time, just as her egg productivity began to dip (Figs. 2, 3, Table 5 ). If immediately re-fertilized, such individuals oviposited large numbers of eggs again and receptivity disappeared, but without re-mating egg production soon ceased, suggesting sperm depletion. A third, rare subset of individuals recovered sexual receptivity many days before their egg productivity declined, as seen in females E (C. plorabunda) and B and E (C. downesi) in Table 5 .
Actually, receptivity in such insects waxed and waned rather erratically, and none succeeded in re-mating until egg production truly diminished. In general, females that mated more than once produced the majority of their eggs from the first copulation (Tables 3 and 4) Table 2 ).
This low fecundity may be due in part to unknown dietary or environmental requirements for optimal growth and reproduction (Tauber 1969 earlier, species of Meleoma often have specialized dietary or photoperiod requirements that can complicate any measurements of fecundity. Actually, the number of eggs produced by females employed in our study was undoubtedly higher, because we cannot assess the number laid in the field prior to capture.
Female Polyandry.
It has long been known that female lacewings will mate more than once. Smith (1922) observed this in C. oculata, and second matings have been tabulated for European C. perla (L.) by Philippe (1971) and C. plorabunda by Jones et al. (1977) , among others. The present study documents for C. plorabunda and C. downesijust how often a female will re-mate. Unlike many other insects--such as damselflies (Waage, 1983) , scorpionflies (Thornhill, 1980) Table 5 , receptivity and re-mating are strongly correlated with dips in egg production, after which oviposition increases again to earlier levels. That the new surge of egg production is the result of and uses the new sperm is supported by two cases in which C. downesi females, originally mated to conspecifics, were later mated to C. plorabunda males; the new offspring were all F hybrids with typical F hybrid song phenotypes.
The extent of polyandry in these insects reflects the interaction of three factors: rate of egg-laying, number of usable sperm transferred from the male, and oviposition lifespan. Our data indicate that maximal rates of egg-laying and maximum oviposition lifespan are approximately equivalent in all lacewing species studied to date. For example, females in peak condition produce 40-60 eggs per day; field-captured C. oculata, C. rufilabris, and C. harrisii show generally higher values than laboratory-raised C. plorabunda or C. downesi (Table 1) . Reports from the literature are more or less similar, ranging from the 20-40 eggs per night cited by Tassan et al. (1979) and Duelli (1981) for C. plorabunda, to the 48 per night mentioned by Ickert (1968) for C. perla. Similarly, oviposition duration is approximately the same in both C. plorabunda and C. downesi regardless of sperm availability (but is irretrievably diminished by senescence even in virgin females after two or at most three months; see Table 5 ). In contrast, the quantity of sperm contributed per copulation, interpolated from fecundity measured between matings, shows high variance, and may be the principal determinant of polyandry. Females that chance to receive relatively little sperm with successive copulations will repeatedly recover sexual receptivity and re-mate, whereas those receiving large amounts of sperm early in life will live out a significant or even dominant portion of their allotted reproductive lives depositing eggs fertilized by their first partners. Thus, the most frequently mated females like C and T of Table 3 and D of Table 4 produced only a few viable offspring from early inseminations. Female senescence can be seen most clearly when older, virgin females are mated to fresh males" invariably, egg production is significantly less than that of younger ones. At least some of the wide variance in fecundity can be attributed to age differences at first copulation. We found little evidence to support Philippe's (1971) suggestion, concerning C. perla, that sperm from each copulation fertilizes the eggs produced during a relatively constant number of oviposition days: in his study, 24. Psyche [Vol. 94 In many ways, female polyandry in lacewings is much like that in Drosophila, particularly D. melanogaster. These females re-mate a few times during their lifetimes, but often fertilize most of their eggs with the sperm of one male (Pyle and Gromko, 1978) . In D. melanogaster, about 78% of the sperm must be depleted before the female will re-mate (Ibid.). And although a female's total complement of eggs can in theory be fertilized from one copulation, multiple matings nonetheless increase lifetime egg productivity by a small but significant amount (Gromko et al. 1984) . These flies, like lacewings, achieve such fecundity patterns by a similar mechanism: females totally lose sexual receptivity after copulating, and regain it only when stored sperm has been nearly depleted. Male Polygyny.
The results of the male multiple-mating experiments are the most difficult to interpret (Table 6 , Fig. 4 ). For the most part, individual males of C. plorabunda and C. downesi showed a rather steep decline in their ability to inseminate females with successive matings. Both tested males of C. downesi conform to this pattern, so that after two or three matings, they were unable to father more than a few progeny, even though each mated l0 times. Similarly, most of the 8 C. plorabunda males appeared to run low on sperm after a series of consecutive matings; for these and the C. downesi "normal" males, reproductive potential was only slightly greater than that of females, averaging between 1000 and 2000 progeny over a lifetime (Table 6 ). However, one male of C. plorabunda sired over 9600 offspring during his 3.5 month reproductive life, mating 30 times. What appears to be a decline in his fertility at the time of his 17th and 18th matings actually reflects the old age of the females used as his mates; once younger partners were recruited, postcopulation fecundity increased to levels nearly as high as those recorded early in the male's life (Fig. 4) In many insects, especially Lepidoptera, spermatogenesis is completed before adulthood (Chen and Graves, 1970; Chaudbury and Raun, 1966; Retnakaran, 1970; Jumper and Cannon, 1975) . Other insects continue manufacturing sperm as adults, e.g., Coleoptera (Jumper and Cannon, 1975; Chang and Riemann, 1967) ; or cockroaches, like Nauphaeta cinerea (Olivier) (C. Busher, pers. obs.).
Although no experiments have confirmed this, it seems reasonable to assume that insects that continue to produce sperm through their adult lives should be capable of manufacturing more of it than those endowed with a fixed quantity at adult eclosion. Research on spermatogenesis in green lacewings has not addressed this issue. Some data for C. plorabunda suggest a lepidopteran, fixed-quantity pattern (Sheldon and MacLeod, 1974; Jones et al., 1977) , and other studies on C. perla imply adult maturation and possibly adult manufacture of sperm (Philippe, 1970 (Philippe, , 1972 . It is known that individual spermatozoans in lacewings of Chrysoperla, Anisochrysa, and Chrysopa are quite large, measuring nearly mm in length (Baccetti et al., 1969; Rousset, 1983 (Henry, 1980a) .
Thirdly, any male that can duet with a female is acceptable to her if she is sexually receptive (Henry, 1979 (Henry, , 1983 (Henry, , 1985a (Henry, , b, 1986 Sexual dimorphism, which is coupled to the degree of asymmetry of sexual selection, is minimal in these species, as expected from the above argument (although see Hafernik et al. [ 1986] for a discussion of sexual dimorphism without sexual selection).
GENERAL CONCLUSIONS.
The same basic patterns of reproductive biology characterize all the green lacewings of this study. In the future, sexually dimorphic taxa should be studied; here, we have concentrated on a sexually monomorphic genus, Chrysoperla. In this genus, lifetime fecundity is high and reasonably equivalent in several common species. Polygamy of both males and females is the rule, although females can fertilize most of their eggs with sperm acquired from one copulation. Sexual receptivity mediates re-mating in females, and is only recovered when stored sperm is nearly depleted or otherwise unavailable. The time between matings varies greatly with the success of insemination; because sperm must be almost used up by egglaying before re-mating occurs, one is forced to the conclusion that males transfer variable quantities of sperm to different females. The causes of such variability in a given male are unknown, since the success of insemination shows no reliable correlations with either the number of previous matings or the duration of copulation. Potential for lifetime reproduction is much higher for males than for females because males can produce nearly unlimited quantities of sperm, but this potential probably goes unrealized in nature, because males have no reliable way of finding the few sexually 1987] Henry & BushermGreen lacewings 241 
